ACTIVATION of the inflammatory response system and varied levels of cytokines in acute schizophrenia have been suggested by recent studies. Psychopharmacologic agents can differentially effect cytokine production, which suggests that therapeutic function of neuroleptics may involve immunomodulation.
Introduction
Over the past decade, as immunologic, neurochemical and neuroendocrine activities of the cytokines involving the brain and their behavioural effects have been demonstrated, research concerning the role of cytokines in schizophrenia has expanded. 1 Activation of the inflammatory response system in acute schizophrenia has been suggested by several recent studies. Schizophrenic patients have aberrant proportions of immuno-competent cells and varied levels of cytokines, especially proinflammatory interleukin (IL)-6, IL-1 and tumour necrosis factor (TNF)-a , in their peripheral blood or cerebrospinal fluid. 2 A decrease in mitogen-stimulated IL-2 production by peripheral blood mononuclear cells and elevated levels of soluble interleukin-2 receptor (sIL-2R) were also observed. 3, 4 Theoretically, alterations in the levels of cytokines can simply be a consequence of mental stress or sleep deprivation associated with the onset or exacerbation of the disease. On the contrary, they can modify metabolism of neurotransmitters and neuroendocrine hormones, and influence neural development and neurodegeneration, as supported by findings in fundamental neuroscience. IL-8, which has not been studied to date in schizophrenia, belongs to the chemoattractant cytokines (namely, the chemokine subfamily) and takes part in immune response, cell adhesion and angiogenesis. 6 Cytokines, which were discovered as humoral mediators of cell-to-cell interactions within the immune system, have been found to be key factors for the host responses that are mediated by the central nervous system, which include fever and activation of the hypothalamic-pituitary-adrenal system. Behavioural-activating effects of certain cytokines like the somnogenic activity of IL-1 and TNF-a and the suppresser effects of IL-1b , IL-8 and TNF-a on appetite are also demonstrated. 1 In an animal study, IL-1-, IL-2-and IL-6-treated mice displayed significant differences in exploration. 7 In schizophrenic patients, different patterns of cytokine production and psychotic behaviour such as paranoid behaviour and IL-10 are suggested. 8 Furthermore, the administration of cytokines may induce numerous psychiatric symptoms such as fatigue, apathy, depressive mood and delusions. 1 Therefore, it is reasonable to assume that the presumed immunopathology in psychiatric disorders might lead to alterations in circulating cytokine levels.
Although the aetiology, pathogenesis and mechanism of schizophrenia has remained elusive, efficient treatment with neuroleptic medication for acute schizophrenia has been proved beyond doubt. Actions of these drugs and biochemical and immunological changes that occur in response to treatment have advanced our understanding of the basis of schizophrenia. However, 20-40% of the patients are resistant to standard antipsychotic treatments, suggesting a contribution of different mechanisms in individual patients. 9 With this point of view, response to a specific therapy may be a tool for understanding pathophysiology of the disease. Risperidone is a benzisoxazole derivate, chemically unrelated to any other currently available antipsychotic drug. Risperidone, like clozapine, is a potent 5-hydroxytryptamine (5-HT) 2 and relatively weak D 2 dopamine receptor antagonist. 9 Although very limited, several studies have reported changes in the levels of specific cytokines in conjunction with psychopharmacologic agents, suggesting that therapeutic action of neuroleptics may involve immunomodulation. In vitro studies have shown that chlorpromazine has an inhibitory effect on the production of IL-2, TNF-a and interferon by human lymphocytes. In humans, neuroleptic treatment has been associated with an increase in the serum levels of sIL-2R and a decrease in the levels of sIL-6R. 1, 10 The immunomodulatory action of risperidone involving the Clara cell protein and sIL-2R has also been suggested. 11 However, associations between changes in the levels of cytokines and the therapeutic response have not been firmly established.
In this study, serum IL-1b , sIL-2R, IL-6, IL-8 and TNFa concentrations of 34 drug-free schizophrenic patients were analysed. Psychopathological assessments at admission and throughout risperidone treatment for 60 days were recorded to evaluate whether cytokine levels have any effect on Brief Psychiatric Rating Scale (BPRS), Scale Assessment of Positive Symptoms (SAPS) and Scale Assessment of Negative Symptoms (SANS) scores, and on improvement achieved with an atypical neuroleptic risperidone.
Material and methods

Subjects
The study was conducted at Gaziantep University, Faculty of Medicine (Department of Psychiatry, and Department of Biochemistry and Clinical Biochemistry) in 2000. Informed consent was obtained from all subjects according to the Helsinki declaration as revised in 1996. Thirty-four patients with schizophrenia (15 males and 19 females) were recruited. The mean age was 33.1 years (range, 17-72 years). The mean duration of illness was 5.9 years (range, 1.0-25.0 years). Eleven patients were smokers; none of them were alcohol consuming.
Healthy non-psychiatric controls (n =23) were recruited from the hospital staff. Eight of the controls were male and 15 were female. The mean age was 29.2 years (range, 18-44 years). Fifteen were smokers; none of them were alcohol consuming. None of the healthy controls had a history of psychiatric disorder, drug abuse or dependence, serious medical conditions or seizure disorders.
Protocol
Prior to admission, patients were treated with typical neuroleptic drugs. After withdrawal of typical neuroleptics for 1 week, blood samples were taken and initial psychopathologic assessment was recorded, followed by treatment with 4 mg daily doses of risperidone for 60 days.
The initial psychopathological assessment (BPRS, SANS, SAPS) at day 1 (T 1 ) was reviewed at every point of investigation, at day 15 (T 2 ), at day 30 (T 3 ) and at day 60 (T 4 ). All patients were monitored for somatic illness throughout the investigation period and were excluded if symptoms of infections or symptoms of systemic somatic illness were present. Thirty-four patients were included according to these criteria.
Clinical assessment
A DSM-IV diagnosis of chronic schizophrenia was established on the basis of independent structured clinical interviews and a review of records by a qualified psychiatrist that included the BPRS. 12 Patients with any form of psychiatric comorbidity including
substance abuse were excluded. Sixteen patients met the criteria for paranoid, 14 for residual, three for disorganised and one patient for an undifferentiated form of acute or chronic schizophrenia. SAPS and SANS were also recorded throughout the investigation period. Patients with a 20% decrease in BPRS, SANS and SAPS at T 4 were accepted as responsive to risperidone.
Age of the schizophrenia onset was defined as the age at which symptoms first appeared as reported by the patient, the family or medical staff.
Experimental
Blood samples were collected using standard venipuncture technique between 9:30 and 11:00 a.m. after 12 h fast. Serum samples were separated immediately after centrifugation at +4°C, 2000 ´g for 10 min and stored at -20°C until analysis, which was performed in the same run to avoid inter-run analytical variation. Serum IL-1b , sIL-2R, IL-6, IL-8 and TNF-a levels were determined with chemiluminescence enzyme immunometric assays on an Immulite Immunoassay Analyser (Immulite IL-1b ®, sIL-2R®, IL-6®, IL-8® and TNF-a ® assays; DPC, Los Angeles, CA, USA). The analytical sensitivities of IL-1b , sIL-2R, IL-6, IL-8 and TNF-a assays were 1.5 pg/ml, 10 U/ml, 1.0 pg/ml, 2.0 pg/ml and 1.7 pg/ml, respectively, and the lower reportable ranges were 5.0 pg/ml, 50 U/ml, 5.0 pg/ml, 5.0 pg/ml and 4.0 pg/ml, respectively. The crossreactivities of IL-1a , IL-2, IL-2R, IL-4, IL-5, IL-6, IL-8, IL-10, TNF-a and interferon-g for the IL-1b assay, the cross-reactivities of IL-1b , IL-2, IL-6, IL-8, IL-10, TNF-a and interferon-g for the sIL-2R assay, the crossreactivities of IL-1b , IL-2, IL-2R, IL-4, IL-6, TNF-a and interferon-g for the IL-8 assay, and the cross-reactivities of IL-1b , IL-2, IL2R, IL-4, IL-6, IL-8, IL-10 and IL-13 for the TNF-a assay were non-detectable. The crossreactivities of IL-1a , IL-1b , IL-2, IL-4, IL-8, TNF-a and interferon-g for the IL-6 assay were £ 0.065% as reported by the manufacturer. Immulite cytokine controls were included in each analytical run. Intraassay and inter-assay precision performances of the assays were determined on 10 replicates in a single run and in 20 different runs, respectively, from the quality control data of the laboratory. Coefficients of variation obtained were within the 3.4-8.8% range.
Statistical
Data are presented as mean ± SEM or median (minimum-maximum) when n £ 30. Because IL-1b , sIL-2R, IL-6 and IL-8 distribution was skewed rightward, a natural log transformation was applied to normalise the data for analysis. A general linear model was used to consider case-control differences after adjustment for other factors and covariates on transformed data. The paired-samples t-test for psychopathological assessment and the Kruskal-Wallis test was performed for subgroups. Case-control differences in nominal data (gender, smoking) were evaluated with the chi-squared test. Two-tailed p < 0.05 was considered significant. Analyses and illustrations were performed with SPSS 9.0 (SPSS Inc., Chicago, IL, USA) and MedCalc (Mariakerke, Belgium) statistical software programs.
Results
The baseline characteristics of the study participants are presented in Table 1 . Because of matching criteria,
Schizophrenia and cytokines
Mediators of Inflammation · Vol 10 · 2001
111 no statistically significant difference was noted in age, gender, smoking and body mass index (BMI).
Psychopathology
At admission (T 1 ), the BPRS, SANS and SAPS scores were (mean ± SEM) 45.6 ± 1.3, 79.2 ± 5.7 and 58.4 ± 4.4, respectively. During 60 days of in-patient treatment, BPRS, SANS and SAPS scores improved significantly from T 1 to T 2 , from T 2 to T 3 , and from T 3 to T 4 ( Table 2 ). Total improvements (T 1 to T 4 ) of the scores were 46.2 ± 4.3, 33.0 ± 4.0 and 53.0 ± 5.1% (p < 0.001), respectively.
Immunological findings
Plasma interleukin levels were measured in patients with schizophrenia at T 1 and compared with the controls. A statistically significant difference was not observed for serum log sIL-2R, log IL-1b , log IL-6, log IL-8 and TNF-a adjusted for age, gender, smoking and BMI (Table 3 and Figs. 1-3) . A significant intercorrelation between TNF-a and IL-8 was detected only in the patient group (r = 0.486, p < 0.006). Plasma interleukin levels (T 1 ) were not different among subtypes of schizophrenia (p > 0.05) ( Table 4) .
Nominal data and cytokines
In the case group, no significant correlation was seen between cytokine concentrations and age, BMI and duration of the disease, and no difference was observed in relation to gender, smoking, positive family history and education.
Relation of psychopathology and cytokines
Regarding psychopathological assessment at T 1 , only TNF-a concentrations had a significant effect on BPRS and SAPS according to the general linear model that included age, smoking, BMI, gender and subtypes of schizophrenia (p = 0.019 and p = 0.030) ( Table 5 ).
Responsiveness to risperidone and cytokines
The initial cytokine concentrations of the patients responsive to risperidone were not significantly different from those of non-responsive patients. 
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Discussion
In the present study, a significant difference of IL-1b , sIL-2R, IL-6, IL-8 and TNF-a was not observed in schizophrenic patients compared with the healthy controls. Although investigators reported altered circulating levels and in vitro production of cytokines in schizophrenia, the respective evidence is not consistent. Several studies have found a decrease in mitogen-stimulated IL-2 production by peripheral blood mononuclear cells, which is the most frequently confirmed finding in the immunology of schizophrenia. 3,13 -15 Elevated levels of the sIL-2R in peripheral blood, a sign that also indicates lymphocyte activation, were also repeatedly observed in schizophrenia, 4, 16, 17 whereas other studies failed to find differences between patients and healthy controls. 10, 18, 19 Moreover, circulating levels of other leukocyte activation markers such as SCD14 and SCD23 were not higher than controls. 20 Other frequently replicated immune alterations include an increase in serum IL-6 concentrations in schizophrenia. 21, 22 However, some studies reported no difference or even decreased IL-6 levels in drug-free patients. 23 -27 Results regarding levels and/or production of IL-1 and TNF-a have been inconclusive, and are reported to be increased, decreased or unchanged. 18, 20, 25, 26, 28 Haack et al. have shown that when confounding factors like age, gender, BMI, smoking habits and prior medication are taken into account, plasma levels of IL-6, TNF-a and sIL-2R are not different. 29 Our results that show no difference in circulating IL-1b , sIL-2R, IL-6, IL-8 and TNF-a concentrations adjusted for age, gender and smoking in drugfree schizophrenic patients confirm this previous study. However these findings do not definitively exclude a pathophysiological role for cytokines in schizophrenia because they effect primarily the brain where the regulation of cytokine production differs considerably from the periphery. However, the present study suggests that if cytokine production is altered in schizophrenia, these alterations may not be detectable in the systemic circulation.
The second major finding of this study is that TNF-a may be associated with symptomatology of schizophrenia: BPRS and SAPS. Although part of the response of the organism to an infection or injury is local and occurs at the cellular and molecular levels, another part occurs at the level of the organism and involves specific adaptive behaviours such as increased sleep, decreased appetite and sexual drive, which may be at least partly attributed to specific effects of cytokines. There is growing evidence that TNF-a may be associated with somnolence and anorexia. Additionally, the stimulatory effect of TNF-a on hypothalamic-pituitary-adrenal activity, which is a feedback mechanism to suppress an otherwise exaggerated immune/inflammatory response, could effect symptomatology on a disturbed neurochemical basis in schizophrenia. 1 Naudin et al. previously found higher levels of TNF-a in schizophrenic patients with no relation between global, negative and positive subscale scores. However, in that study, a small proportion of patients who had high TNF-a levels also had elevated IL-6 levels, suggesting a systemic cause for elevation of these proinflammatory cytokines, which in turn may lead to discordance of psychopathological assessment and TNF-a . 20 In the present study, a relation between improvement of psychopathological assessment during risperidone treatment and the initial cytokine levels was not observed. Previously, an immunosuppresive effect of neuroleptics through suppression of IL-6-or IL-6R-related mechanisms, 29 clozapine-induced increments in plasma sCD8, IL-6, CC16, IL-1RA 1 , sTNF-R2 and sIL-2R concentrations, 30, 31 and increased serum sIL-2R and decreased sIL-6R levels 1 were reported, whereas no differences in IL-2 and IFN-g production between unmedicated and medicated schizophrenics 32 were observed. Chronic treatment with risper-
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Mediators of Inflammation · Vol 10 · 2001 idone was reported to normalise lower plasma Clara cell protein and increase plasma sIL-2R in a crosssectional study. 11 Thus, the evidence that antipsychotic agents may modulate cytokines in schizophrenia is contradictory. Our study does not include cytokine levels after treatment but demonstrates that the initial cytokine levels are not indicative of patients responsive to risperidone treatment, suggesting that therapeutic action of risperidone may not involve cytokines investigated.
The present study has some methodological limitations that might contribute to the fact that we did not find a major impact of schizophrenia on IL-6 and IL-1b levels. The majority of the patients and the control group had lower plasma levels than the detection limit of the assays, which raises the possibility that group differences might be present below the detection limit. This possibility is supported by studies using more sensitive IL-6 and IL-1b assays and reporting increased levels, although other studies using sensitive assays found no differences between schizophrenic cases and controls. 24 It is also noteworthy that studies reporting differences for IL levels had quite large standard deviations, suggesting considerable heterogeneity in the levels of individual patients. 10, 21, 22, 24 Therefore, immune alterations may be limited to a special subset of patients.
In summary, the present study demonstrates that circulating levels of cytokines are no different in patients with schizophrenia when confounding factors like age, gender, smoking and BMI are taken into account. Immune alterations observed in the previous studies may indicate a special subset of patients or simply result from confounding factors, medications or somatic causes. Therefore, we conclude that plasma IL-1b , sIL-2R, IL-6, IL-8 and TNF-a concentrations yield little, if any, evidence for immunopathology in schizophrenia. However, TNF-a may contribute to schizophrenic symptomatology. According to our results, cytokine levels are not indicative of a special subset of patients responsive to risperidone.
